Objective: Several potentially modifiable risk factors for cognitive decline and dementia have been identified, including low educational attainment, smoking, diabetes, physical inactivity, hypertension, midlife obesity, depression, and perceived social isolation. Managing these risk factors in late midlife and older age may help reduce the risk of dementia; however, it is unclear whether these factors also relate to cognitive performance in older individuals without dementia.
the brain to tolerate the neuropathological effects of Alzheimer's disease or cerebrovascular disease processes, without demonstrating cognitive or functional decline. 6 It is increasingly recognized that many of these underlying neuropathological processes take place many years before the clinical onset of dementia, 7 and neuroimaging techniques, such as amyloid PET imaging, have demonstrated characteristic patterns of beta amyloid deposition years before cognitive deficits are apparent. 8 The recognition that neuropathological processes may begin in late midlife has increased the focus on preventative approaches to target recognized modifiable risk factors for dementia.
What is less clear, however, is how these risk factors may impact on cognitive function in patients without known cognitive impairment or dementia. Although each of these risk factors has been found to potentially increase risk of developing dementia, it is important to establish whether they significantly affect cognitive function either independently or in combination prior to the development of dementia. There is evidence that episodic memory and reasoning are particularly sensitive to age-related decline 9 ; however, it is unclear if known risk factors for dementia specifically affect these cognitive domains.
The PROTECT Study is an online platform to investigate genetics and cognitive function in ageing. The aim is to conduct a 10-year longitudinal study with annual assessment of cognitive function, lifestyle, and medical history in order to predict cognitive trajectory and risk. The use of an online platform for data collection enables the recruitment of very large numbers of people, and examination of the baseline data provides an opportunity to assess whether the presence of potentially modifiable risk factors in the study population contributes to cognitive function. This study will address the question of whether recognized risk factors for dementia are associated with cognitive function in healthy individuals >50 years.
2 | METHOD
| Study design and participants
Cross-sectional analysis of data from the ongoing online PROTECT Study (www.protectstudy.org.uk), a cohort of adults aged 50 and over launched in November 2015, was conducted. Inclusion criteria were adults over the age of 50 years, who live in the UK, have a good working understanding of English, and are able to use a computer with Internet access. An established diagnosis of dementia was an exclusion criteria for the study. The study was widely publicized in the national media, in addition to recruitment via established cohorts of older adults. Potential participants registered via the online website and downloaded the study information sheet. If they wished to participate in the study, they read and signed an online consent form through an ethically approved online process.
| Demographic, lifestyle, and medical data collection
Following enrolment into the study, participants completed a series of online baseline questionnaires regarding demographic and lifestyle information. These included baseline demographic information on age, gender, education, ethnicity, medical history and current medication, and a lifestyle questionnaire. For the current analysis, responses to items in the online questionnaires that provided data on the presence of risk factors for dementia were included. These factors were education, smoking, depression, physical activity, perceived social isolation, hypertension, diabetes, and obesity. Additional factors in the data set that were hypothesized as being potentially relevant were also included, namely alcohol use, age, a diagnosis of heart disease or stroke, marital status, and gender. Please see supplementary materials for further description of the risk factor variables.
| Cognitive assessment
Cognitive assessment was conducted using a validated online cognitive test package consisting of 4 tasks 10 :
(1) The Paired Associate learning task (PAL) 11 to assess visual episodic memory, (2) SelfOrdered-Search task 12 assessing spatial working memory (SWM),
Digit span task (DS) 13 assessing verbal working memory, and (4)
Grammatical Reasoning task 14 assessing verbal reasoning (VR).
Participants were asked to complete each task on 3 occasions during 1 week to provide a baseline assessment. Please see supplementary methods for further details of the cognitive tasks.
| Statistical analysis
Hierarchical multivariate regression analyses were conducted. 
Key points
• This paper analyses a large dataset of 14 201 individuals to assess whether known modifiable risk factors for dementia are associated with cognitive performance in non-demented individuals in late midlife and older age (over 50 years).
• Higher educational achievement, the presence of a close confiding relationship, moderate alcohol intake, and exercise were significantly associated with better cognitive performance.
• A diagnosis of depression, history of stroke, and being underweight were significantly negatively associated with cognitive performance
• This study provides further support for public health interventions that seek to manage modifiable risk factors for dementia across the lifespan. and cognitive task are shown in Table 3 . 
| Education
For all 4 cognitive tasks, there was a significant effect of education. level of education were all associated with higher cognitive scores across all tasks. A-Level education was associated with higher performance in all tasks except spatial working memory, and a vocational qualification was associated with higher performance on all tasks except paired associates learning (Table 3 ).
| Lifestyle factors
Smoking was significantly associated with a higher score on verbal reasoning (β = 0.421 (SE 0.144) P = 0.003), but had non-significant negative effects on paired associates learning and spatial working memory. Recent physical exercise was associated with a significantly higher performance on verbal reasoning (β = 1.095 (SE 0.151) P < 0.001) and digit span (β = 0.130 (SE 0.025), P < 0.001). Drinking alcohol at least once per week was associated with greater performance on all 4 tasks compared with no alcohol intake (PAL β = 0.074, P = 0.003; VR β = 1.101, P < 0.001; DS β = 0.1, P = 0.036; SWM β = 0.238, P = 0.001). Drinking alcohol between once a month and once per week was also associated with improved performance on the PAL (β = 0.057, P = 0.046) and SWM (β = 0.170, P = 0.043) compared with not drinking alcohol (Table 4) . DIGIT SPAN, digit span task; PAL, paired associates learning task; SWM, spatial working memory task; VERBAL REASON, verbal reasoning task. P = 0.004) except the PAL. There was no significant association between heart disease or self-reported hypertension and cognitive performance, and a diagnosis of diabetes was only negatively associated with performance on the SWM task (β = −0.230, P = 0.014) ( Table 4) . Analysis of BMI demonstrated that compared with being within the normal BMI range, being underweight was significantly negatively associated with performance on all cognitive tasks except digit span (PAL β = −0.131, P = 0.025; VR β = −1.725, P = 0.013; SWM β = −0.422, P = 0.015). There were no effects of being overweight or very obese, although being obese was negatively associated with performance on the DS task (β = −0.101, P = 0.003) ( Table 4 ).
| Medical factors

| Social factors
Compared with being married, being widowed was associated with increased score on PAL (β = 0.054, P = 0.036) and SWM (β = 0.204, P < 0.01), being divorced was associated with increased score on VR task (β = 0.513, P = 0.029), and being single was associated with increased score on the Verbal reasoning (β = 0.869, P = 0.005) and digit span task (β = 0.147, P = 0.003) ( Table 3 ). The absence of a close confiding relationship was significantly associated with poorer performance on all 4 cognitive tasks, with significant improvements on all cognitive tasks seen with participants who responded that they had been in a confiding relationship "rarely" (PAL β = 0.073, P = 0.042), VR β = 2.645, P < 0.001); DS β = 0.184, P = 0.008; SWM β = 0.273, P = 0.01); "sometimes" (PAL β = 0.064, P = 0.012; VR β = 2.716, P < 0.001; DS β = 0.228, P < 0.001; SWM β = 0.362, P < 0.001); "often"
(PAL β = 0.072, P = 0.006; VR β = 2.261, P < 0.001, DS β = 0.249, P < 0.001; SWM β = 0.390, P < 0.001); or "very often" (PAL β = 0.096, P < 0.001, VR β = 2.417, P < 0.001.;DS β = 0.255, P < 0.001; SWM β = 0.435, P < 0.001) ( Table 4) .
| DISCUSSION
This study examines whether recognized risk factors for dementia are associated with cognitive function in a large cohort of healthy adults over 50 years of age and reveals a number of trends relating to risk and cognitive performance. Perhaps, unsurprisingly, age was a significant contributor to cognitive function, with each 5-year increase in age group, except for the >90-year group, associated with a significant reduction in score on all 4 cognitive tasks, compared with the youngest age group. This finding builds on previous studies which have demonstrated an age effect across a range of cognitive domains including processing speed, episodic memory, and executive function, 15 and adds robust data from a very large cohort of adults in late midlife. This also provides important validity to the online assessment approach, in parallel with the recently published validation of other online cognitive tests being used in this study. DIGIT SPAN, digit span task; PAL, paired associates learning task; SWM, spatial working memory task; VERBAL REASON, verbal reasoning task.
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| Education and lifestyle factors
Educational attainment was significantly positively associated with cognitive performance. Previous studies have demonstrated the importance of education as a risk factor for dementia 17 ; however, there are inconsistencies in the literature regarding what constitutes "low" or "high" levels of education. 18 The sample in the current study is a highly educated population, as the lowest level of education represented (and reference group in the analysis) is GCSE level (ie, education up to age 16) which may highlight the challenge of targeting lower educated groups for intervention. The finding that higher education, particularly to a postgraduate level, is associated with higher cognitive performance is unsurprising, however, nonetheless provides further impetus for the importance of continuing education at a population level.
The positive effects of exercise and moderate alcohol intake on cognitive function have been previously documented. Physical inactivity has been estimated to account for a worldwide population attributable risk of dementia of 12.7%. 3 The effects of physical exercise on cognition and dementia prevention are likely to be related to both indirect effects of exercise on other modifiable cerebrovascular risk factors and direct effects on hippocampal neurogenesis, 19 cerebral blood flow, and neurotropic growth factors. 20 There is evidence that moderate alcohol intake (described as up to 15.0 g of alcohol [approximately 1 drink] per day) can be associated with some cognitive benefits compared with non-drinkers, 21, 22 and our findings that there were benefits of drinking once per week would be in keeping with this and previous studies. 23 It is important to note that this analysis provides no information on drinking more heavily and there is evidence that excessive alcohol intake is significantly detrimental to cerebrovascular health. 24 It is also notable that smoking was not significantly negatively associated with poorer cognitive function in this sample and indeed was associated with a greater score on the verbal reasoning task. Previous studies have suggested that nicotine may be associated with improved cognitive function 25 which may in part explain this result.
| Social factors
A more surprising result was the strong association between a lack of a close confiding relationship during adult life and cognitive ability. A perceived sense of social isolation has been found to be associated with impaired cognitive function. 26 Previous studies have demonstrated that perceived social isolation is related to the quality rather than quantity of social interaction, 27 and feelings of loneliness, rather than social isolation per se, have been shown to predict cognitive decline and risk of Alzheimer's disease. 28, 29 Marital status was included in the model as an objective marker of some degree of social support, and these results therefore suggest that a subjectively close relationship is important in maintaining cognitive function. It is difficult to assess the causal relationship between perceived social isolation and cognition, and there is evidence that cognitive decline and early dementia may lead to increasing social isolation; 30 however, there is also evidence that experimental manipulation of perceived loneliness can affect cognition in the absence of change in objective isolation. 31 Further research into the impact of subjective loneliness and isolation on cognitive decline would be useful. The increasing context of online social engagement and its potential to reduce perceived and objective social isolation in older adults also requires further investigation.
| Medical factors
In terms of cerebrovascular and cardiovascular health and risk factors, a diagnosis of a stroke was associated with poorer performance on the verbal reasoning and working memory tasks; however, there was no effect of hypertension or heart disease in this sample, and a diagnosis of diabetes was only associated with negative performance on the spatial working memory task. It is possible that the effects of cerebrovascular risk factors only become clinically apparent at a stage when they have contributed to more significant cerebrovascular disease and damage, and in this context it is perhaps unsurprising that there were no effects of these risk factors on cognitive function when examined independently and with the effects of age separately modelled. This study also found that obesity was only negatively associated with 1 cognitive task, whilst being underweight had significantly negative effects on episodic memory, verbal reasoning, and spatial working memory. This is in keeping with literature that suggests that being under-nourished can have significant effects on cognition. 32 The gender effects found in this study are in keeping with literature that suggests that older men have advantages in visuospatial function, whilst women have advantages in language and processing speed which were not assessed in this study. 33 The PROTECT study has been successful in recruiting a very large cohort of individuals and provides a rich source of data; however, the study has several limitations. Firstly, all data on lifestyle, social, and medical factors was self-reported by individuals in their own homes. interesting to explore regularity and type of physical exercise across the cohort in order to build on the data reported here. Similarly, the confiding relationship statement "since the age of 16 I have had a close confiding relationship", encourages a subjective and categorical response, and there is no further objective data in the current data set on loneliness or social isolation to explore this variable further. It should also be noted that the overall sample is self-selected and represents a skewed sample in which white, highly educated women are overrepresented. Whilst this may limit the overall generalizability of the findings, the results still provide important information on the effects of these risk factors on cognition in a very large study population. It also provides valuable insight into a self-selecting cohort who are most likely to engage with online interventions and platforms, which are an increasing focus for public health approaches.
Nonetheless, it will be critical to expand the recruitment of the PRO-TECT study to improve representation of wider demographic groupings.
Finally, the size of the R 2 statistic for each of the cognitive tasks remains relatively small, indicating that other variables also impact on the model, most likely individual cognitive ability amongst others.
However, the findings reach statistical significance and, when applied at a population level, as is seen with the estimates of PAF for modifiable risk factors, the demonstration that some factors can have an impact on cognitive function in midlife and old age provides greater emphasis for a preventative approach to cognitive decline.
| CONCLUSION
This study provides evidence that potentially modifiable factors for dementia such as education, depression, perceived social isolation, diabetes, and exercise are associated with cognitive function in nondemented individuals in midlife and older age. This suggests that not only should these factors be targeted to reduce future dementia risk, but also to potentially improve cognitive function and provide further support for public health interventions that seek to manage these risk factors across the lifespan.
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